The polyphenolic and oenological properties were evaluated in red wines from Italian varieties Ancellotta, Rebo, Nebbiolo, Barbera and Teroldego cultivated in a selected subtropical region. Ancellotta wines showed the highest concentrations of phenolics, particularly flavanols, flavonols and anthocyanins 3-O-glycosides. Grape variety rather than vintage had stronger influence on polyphenols. Wines from vintage 2012 showed the highest antioxidant activity and highest concentrations of polyphenols, mainly Ancellotta and Teroldego wines. The wines showed similar phenolic profile regarding the presence of phenolics, whereas their concentrations varied greatly among varieties and vintages. The results demonstrated good adaptability of these varieties and their potential to produce quality wines.
Introduction
The quality of red wines is dictated by its chemical composition and phenolic constituents that contribute to their typicality and sensorial characteristics such as colour, astringency and flavour. [1] Phytochemical polyphenols are associated with the bioactive properties and antioxidant activity of grapes and wines. [2, 3] These compounds are essentially influenced by grape variety, cultivation practices and climatic and soil conditions. [4] The evaluation of phenolic compounds in red wines is a valuable parameter in order to identify characteristics of a growing region, the influence of climate, cultivation and vinification techniques. It allows predicting the stability of these compounds during wine aging as well as finding the determinants for the expression of terroir. [4, 5] Apart from the potential of producing unique wines, the cultivation of wine varieties in different growing regions is essential to sustain soil dynamics and agriculture activities as well as to investigate grapevine physiology and its environmental interactions. [6, 7] While several studies associate the phenolic composition with the identity of their wines, there is limited scientific information on the adaptation of wine varieties in diverse environments with regard to polyphenols synthesis and their influence on wine quality. Red wines from European varieties V. vinifera L. present distinct oenological characteristics, mostly related to grape cultivar and grapevine metabolism. The Italian red-skinned varieties Ancellotta, Rebo, Nebbiolo, Barbera and Teroldego are typically grown in North-West Italy and used to elaborate quality wines. In this context, their cultivation in a subtropical region could particularly influence the polyphenolic composition and oenological
Microvinification
The Italian grapes were harvested at technical maturity (18) (19) (20) (21) , and the red wines were elaborated by microvinification. The grapes were mechanically separated from bunches and fed into stainless steel tanks with controlled temperature and agitation. Grape mash maceration was carried at 25°C for 10 days. Then, the must was separated by pressing and transferred to stainless steel tanks, when a commercial sulfiting agent was added to the must (10 mg/L free SO 2 ) (Noxitan, Pascal Biotech, Paris), and selected Saccharomyces cerevisiae yeasts (20 g/100 kg) Fermol Rouge® (Pascal Biotech, France) were inoculated to promote alcoholic fermentation. The fermentation was carried out at 17°C for 15 days. After the fermentation was finished, the wines were cold-stabilised, and the free SO 2 content was adjusted to 30 mg/L. The wines were then bottled and stored at 18 ± 1°C
. The oenological parameters were determined according to established protocols of OIV. [9] Spectrophotometric analysis
The red wines were analysed for total monomeric anthocyanins using the pH-differential method. [10] Polymeric and co-pigmented anthocyanins were determined as described by Levengood and Boulton. [11] Colour intensity, colour tonality and colour density were determined according to Glories. [12] The total phenolic content was assayed by the Folin-Cicalteu method. [13] The polymerised and non-polymerised polyphenols were determined using the vanillin index. [14] The content of ortho-diphenols was determined as described by Flanzy and Aubert. [15] The content of tartaric ester was estimated according to Glories [16] , and total flavanols were determined by the DMACA method (p-dimethylaminocinnamaldehyde). [17] The total antioxidant capacity of wines was determined by FRAP, [18] DPPH, [19] and ABTS [20] methods. All analyses were carried out in triplicate on a UV-Vis spectrophotometer (Hitachi U-2010, CA, USA).
HPLC analysis of individual phenolics
Chromatographic analyses were carried out on a high-performance liquid chromatograph (Shimadzu, Kyoto, Japan) composed of a high-pressure pump, vacuum degasser, communicator system and LC-Solutions software, connected to a photodiode array detector (DAD) (Shimadzu). Separations were performed on a C18 reverse-phase column (4.6 × 250 mm, 5 µm) (Shimadzu). The wine samples were filtered through a 0.45 µm PTFE membrane filter (Millipore, Massachusetts, USA) and injected into the chromatograph. Flavonols, flavanols, cinnamic derivatives, tyrosol and trans-resveratrol were determined according to Ferreira-Lima et al. [21] The hydroxybenzoic acids were determined according to Burin et al., [22] and anthocyanins 3-O-glycosides were determined according to Revilla et al. [23] Statistical analysis Statistical analysis was conducted using Statistica 8.0 software (StatSoft, Tulsa, USA). Results were analysed by ANOVA, and statistical significance was assessed by Tukey HSD post hoc test (p < 0.05). All data were presented as the mean ± SD. The variability as influenced by grape variety and vintage was investigated by correlation analysis and principal component analysis (PCA).
Results and discussion
Oenological parameters, phenolic content and antioxidant activity of red wines
The oenological parameters of the wine samples are shown in Table 1 . The phenolic content and antioxidant activity of the wines are shown in Table 2 . The red wines elaborated with Italian grapes cultivated in the selected subtropical region showed mean values of pH of 3.7, titratable acidity of 4.9 g/L of tartaric acid, volatile acidity of 0.4 g/L of acetic acid and alcohol content of 11.7% (v/v). The alcohol content of wine samples was higher in wines of vintage 2012. This is probably due to differences in the content of sugars in grapes due to climate and harvest factors between vintages. Abundant or excessive rainfalls affect sugar accumulation in grape berries, decreasing alcohol formation during fermentation. In fact, during the vintage period of 2011, the rainfall was approximately 1100 mm in the region of Campos Novos, while during the vintage of 2012, the rainfall was lower, approximately 900 mm. [8] The Ancellotta wines showed the highest colour intensity and The spectrophotometric analyses showed the presence of polymerised and non-polymerised polyphenols, flavonoids, tartaric esters and ortho-diphenols in the wine samples ( Table 2 ). The Ancellotta, Teroldego and Rebo wines presented higher levels of polyphenols, regardless of vintage. In relation to the vintage 2011, concentrations of total phenolics were higher in wines from the vintage 2012, with the exception of Teroldego wines. Anthocyanins in their monomeric, polymeric and copigmented forms were quantified in all varietal wines, whereas the polymeric compounds were predominant in all wines. Low concentrations of anthocyanins were observed in Nebbiolo wines, which is consistent with the lower indexes of colour parameters in these samples. According to Boulton, [24] the colour of a red wine is also related to the natural capacity of the variety to form anthocyanin pigments in different climates. Indeed, the Nebbiolo variety native of the Piedmont Region in Italy is very susceptible to climate and soil variations. [25] Hence, apart from viticulture practices and winemaking variations, this could explain the low concentrations of monomeric anthocyanins found for Nebbiolo wines in this study.
Importantly, all the wine samples showed high concentrations of polyphenols and high antioxidant activity. The antioxidant activity is a very relevant parameter to evaluate wine quality and its bioactive properties. For the analysed wines, the mean antioxidant activity ranged from 4.6 ± 1.7 mmol TEAC/L for Barbera wines from vintage 2011 to 10.8 ± 1.5 mmol TEAC/L for Ancellotta wines from vintage 2012. In relation to vintage 2011, the antioxidant activity of all varietal wines was higher for vintage 2012 that also had higher concentrations of total polyphenols. Phenolic compounds such as flavonols and flavanols, mainly quercetin and catechin, as well as anthocyanins are generally associated with the antioxidant properties of red wines. [1, 4, 8] Indeed, the antioxidant activity was positively correlated with the phenolic content of all varietal wines (data not shown). All wines had abundant concentrations of monomeric and polymeric anthocyanins, and of both polymerised and non-polymerised polyphenols, determined as equivalents of catechin. The wines elaborated from the Ancellotta variety had the highest concentrations of polymerised polyphenols, total flavanols and total monomeric anthocyanins. Similarly, these wines showed the highest antioxidant activity, while the values were lower in Barbera and Nebbiolo wines.
The red wines from vintages 2011 and 2012 presented suitable oenological characteristics of V. vinifera wines. Regarding physical-chemical properties, the alcohol content, pH, titratable acidity and the content of sulphur dioxide verified for the wine samples are consistent with that of red wines. [8, 26, 27] These parameters are essential to determine the oenological identity of wines. Hence, the adequacy of these parameters with regard to quality wines is a determinant factor when considering the potential of new growing regions, in this study, a selected region with subtropical climate.
Bioactive compounds of red wines and association between polyphenols and wine varieties
The individual phenolic profile of red wines is presented in Table 3 . The flavanols (+)-catechin and (−)-epicatechin were the major compounds quantified in samples. These compounds were predominant in Ancellotta wines. Anthocyanins in their 3-O-monoglycoside forms were also quantified at high concentrations, with the exception of Nebbiolo wines in which these compounds were less abundant. The comparative chromatograms of the anthocyanins profile of Ancellotta and Nebbiolo wines are shown in Fig. 1 . Malvidin 3-O-glycoside was the most abundant anthocyanin in all wine varieties. Gallic, protocatechuic and trans-caftaric acids were the most abundant phenolic acids, with the highest concentrations in Teroldego and Barbera wines, respectively. Other studies have found gallic acid as the predominant hydroxybenzoic acid in red wines. [28, 29] The stilbene trans-resveratrol was also quantified in samples, with the highest concentrations in Barbera wines. In wines from the vintage of 2011, higher levels of trans-resveratrol were verified for Barbera, Rebo and Ancellotta wines, while for the vintage of 2012, the highest levels were determined in Barbera, Ancellotta and Teroldego wines. Indeed, trans-resveratrol is a phytoalexin produced in response to stress conditions, and its accumulation in grapes is influenced by climatic and cultivation factors as well as by grapevine physiology and grape variety. [1, 3] The flavonols myricetin, quercetin and kaempferol were quantified at higher concentrations in Ancellotta wines. Tyrosol, an important derivative of phenethyl alcohol originated from the fermentation process, was quantified in all wines. Interestingly, among the studied varieties, their wines showed similar phenolic profile regarding the presence of phenolic compounds, regardless of their concentrations. With the exception of cyanidin 3-O-glycoside, all phenolic compounds were quantified in all wines, regardless of vintage. Contrarily, for the majority of phenolic compounds, their concentrations in wines varied significantly between vintages. Indeed, regarding the 3-O-monoglycoside anthocyanins, their concentrations were significantly higher in wines from the vintage 2012 when compared to vintage 2011. The same was observed for tyrosol, kaempferol, (+)-catechin, caffeic and ellagic acids. These results indicate that cultivation and climatic factors, in this study represented by different vintages, greatly influence the chemical composition of grapes, thus, the phenolic concentrations in red wines. These findings corroborate that vintage and wine varieties particularly affect the polyphenolic composition of red wines, thereby influencing their bioactive and sensorial properties. These results are consistent with previous reports of differences in the phenolic composition of wines produced in different cultivation systems such as biodynamic and organic systems, [30] and of red wines made from varietal grapes or from grapes grown in different growing regions. [4, 29] Further, in order to obtain more information on the bioactive composition of the new red wines as affected by vintage and grape variety, we assessed the influence of these factors on the polyphenolic profile and antioxidant activity of wines using the principal component analysis (PCA) (Fig. 2) . The Factor 1 (PC1) explained 43.67% of data variability, while Factor 2 (PC2) explained 20.40%. The PC1 allowed the separation of Ancellotta and Teroldego wines from the other wine samples, while PC2 showed a clear distinction of wines in relation to vintage. The vintage 2011 was associated with the highest levels of polyphenols, total flavonoids, and total monomeric anthocyanins and with the highest antioxidant activity. In vintage 2012, the anthocyanins 3-O-monoglycosides, ellagic, trans-caftaric, caffeic and ferulic acids, and kaempferol were the predominant phenolics. When comparing the samples, some individual phenolic compounds such as trans-resveratrol and the phenolic acids gallic, protocatechuic, syringic, caffeic, trans-caftaric and ferulic were associated with Barbera, Nebbiolo and Rebo wines and clearly separated in PC1, which accounted for the most variation among wines (43.67%). Interestingly, these results suggest that wine variety rather than differences between vintages (2011 and 2012) had stronger influence on the phenolic contents and antioxidant activity of red wines.
Conclusion
The wines showed high content of phenolic compounds, particularly catechin, epicatechin and anthocyanins 3-O-glycosides, which are important bioactive compounds in grapes and wines. Ancellotta and Teroldego wines had the highest concentrations of total polyphenols, flavanols and total monomeric anthocyanins and showed the highest antioxidant activity, regardless of vintage. The red wines from typical Italian grapes grown in a selected subtropical region had particular oenological characteristics and a good bioactive potential regarding their polyphenolic composition. The differences among wine varieties and vintages were confirmed by PCA that showed that grape variety rather than vintage exerted predominant influence on the phenolic contents and antioxidant activity of red wines. Nevertheless, the Italian varieties showed good adaptation to subtropical cultivation and potential to produce quality wines.
